Many studies have demonstrated that ablation of the sympathetic nervous system (SNS) alters subsequent immune responses. Researchers have presumed that the altered immune responses are predominantly the result of the peripheral phenomenon of denervation. We, however, hypothesized that chemical sympathectomy will signal and activate the central nervous system (CNS). Activation of the CNS was determined by immunocytochemical visualization of Fos protein in brains from male C57BL/6 mice at 8, 24, and 48 h following denervation. A dramatic induction of Fos protein was found in the paraventricular nucleus (PVN) of the hypothalamus and other specific brain regions at 8 and 24 h compared to vehicle control mice. Dual-antigen labeling demonstrates that corticotrophin releasing factor (CRF)-containing neurons in the PVN are activated by chemical sympathectomy; however, neurons containing neurotransmitters which may modulate CRF neurons, such as vasopressin, tyrosine hydroxylase, and adrenocorticotropin, do not coexpress Fos. Our findings suggest an involvement of the CNS in sympathectomy-induced alterations of immunity.
INTRODUCTION
The central nervous system (CNS) and the immune system interact via the sympathetic nervous system (SNS), hypothalamic-pituitary-adrenal (HPA) axis, and cytokines. The precise mechanisms, as well as the regulation, of these interactions are not known. However, a substantial body of literature documents that the SNS plays a role in immune regulation. The early work of Besedovsky et al. (Besedovsky, del Rey, Sorkin, Da Prada, & Keller, 1979) and del Ray et al. (del Rey, Besedovsky, Sorkin, Da Prada, & Arrenbrechts, 1981) suggests that norepinephrine (NE) is an important down-regulatory mechanism for an ongoing immune response and that NE concentration in lymphoid organs is inversely related to immunological reactivity. Furthermore, hematopoietic cells express adrenergic receptors on their surfaces (Fuchs, Albright, & Albright, 1988; Bishopric, Cohen, & Lefkowitz, 1980) . Felten et al. have demonstrated noradrenergic innervation of primary and secondary lymphoid organs (Felten, Felten, Bellinger, Carlson, Ackerman, Madden, Olschowka, & Livnat, 1987; Felten, Felten, Bellinger, Carlson, Ackerman, Madden, Olschowka, & Livnat, 1988) . Thus, all the necessary components (e.g., ligand and receptor) are present for a functional interaction between the nervous and immune systems.
A standard technique for investigating neural-immune interactions is to ablate the peripheral SNS and determine the consequences for immune function. One current model for denervation is chemical sympathectomy via administration of an intraperi-
